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SUMMARY: 

The i n i t i a l  research,  o r  Phase I, of  Contract No. NAS 8-20157 
e n t i t l e d  ''A Spray o r  Brush Anodizing Process for Aluminum Alloys" 

has been completed. The p r inc ipa l  ob jec t ives  i n  t h i s  phase were 

centered around the  inves t iga t ion  of  anodizing parameters of the  

aluminum a l l o y  2219 and the  evaluat ion of coat ing q u a l i t y  on the  

samples produced. 

formulate a spray anodizing process.  

This information was gathered and used t o  

Phase I has covered anodic coa t ing  s tud ie s ,  e l e c t r o l y t e  flow 

r a t e  r e l a t i o n s h i p s  w i t h  o t h e r  anodizing va r i ab le s ,  pretreatment  

and pos t  t reatment  e f f e c t s ,  and materials. 
It has been found that 2219 can be anodized a t  cur ren t  

d e n s i t i e s  of 800 amps/ft2 o r  more under the  proper condi t ions of 

the  e l e c t r o l y t e  type, concentrat ion,  temperature, and flow rate.  

The concept of spray anodizing 2219 has been proven f e a s i b l e  

by the  establ ishment  of  t he  proper anodizing condi t ions.  

It is  recommended t h a t  approval be given f o r  cont inuat ion of 
t h i s  con t r ac t  i n t o  Phase 11, or  the  engineering, design, and 

t e s t i n g  phase. 
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INTRODUCTION: 

NASA needs b e t t e r  corrosion p r o t e c t i o n  f o r  t he  aluminum p a r t s  

on their  S-1C components and propel lan ts  tanks.  The p a r t s  are 

assembled and then must be protected from corros ion  f o r  per iods up 

t o  th ree  years  p r i o r  t o  t h e i r  use. Engineers a t  NASA be l i eve  t h a t  

anodic coa t ings  would be a n  improvement over the p r e s e n t l y  used 

chemical conversion coat ings.  Since the components i n  ques t ion  

could not  be conveniently brought t o  an  anodizing tank, a po r t ab le  

brush o r  spray anodizing system was proposed. 

f ixed-fee"  type con t r ac t  was awarded t o  Reynolds Metals 

Company. 

The system i n  ques t ion  requi res  p o r t a b i l i t y  t o  t h e  ex ten t  

A "cost-plus- 

t h a t  t h e  system can be brought t o  t h e  p a r t  t o  be anodized. The 

system involved m u s t  produce a coa t ing  of s u f f i c i e n t  q u a l i t y  t o  

meet t h e  requirements of  Spec i f i ca t ion  MIL-A-8625. The anodizing 

system should be versati le enough t o  anodize c u r v i l i n e a r  o r  f l a t  

p a r t s  i n  the  ho r i zon ta l  o r  v e r t i c a l  pos i t i on .  The e l e c t r o l y t e s  

used i n  t h i s  opera t ion  must not contaminate surrounding equipment. 

The approach taken t o  meet t h e  above requirements has been 

one which uses  a s l i d i n g  spray head wi th  an e l e c t r o l y t e  being 

f lu shed  across  the  su r face  being anodized. For t h i s  reason much 

of the e f f o r t  i n  Phase I has been concentrated on o r i g i n a l  work 

i n  the s tudy of t he  effects of e l e c t r o l y t e  flow rates on t h e  several 
anodizing va r i ab le s .  

w a s  cons t ruc t ed  which would con t ro l  flow rate during anodizing. 

Very h igh  cu r ren t  d e n s i t i e s  were obtained us ing  t h i s  technique. 

Another po in t  of concern was the s e a l i n g  of anodized p a r t s  

For t h i s  s tudy  a s p e c i a l  p iece  of equipment 

which could not  be sea l ed  using conventional techniques (hot water 
o r  steam). Our approach was t o  use chemical conversion t reatments  

a t  room temperature a f te r  anodizing. 

u s ing  t h i s  technique are very  promising. 
Some of the t e s t  results 
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A pretreatment  was needed i n  t h i s  system which would remove a 

small amount of metal p r i o r  t o  anodizing and in su re  a uniform response 

t o  the  anodizing treatment.  

furic a c i d  a t  a temperature above ambient and which e l e c t r o p o l i s h e s  

the  surface. This system has the advantage of no t  needing a r i n s e  

s t e p  and u t i l i z e s  t h e  power equipment a l r eady  a v a i l a b l e .  

One method was evolved us ing  50% s u l -  

OBJECTIVES : 

1. To generate  t h e  t echn ica l  data necessary t o  develop a spray 
anodizing process f o r  2219 a l l o y .  

2. To determine t h e  f e a s i b i l i t y  of such a process .  

CONCLUSIONS : 

1. Anodic Coating S tudies  

a. Uniform anodic coat ings can be formed on 2219-T87 wi th in  
t h e  ranges of t h e  following anodizing condi t ions:  

Current Density Range: 15-800 amps/ft2 

Voltage Range: 14-50 v o l t s  DC 

E l e c t r o l y t e  Temperature Range: 20-40°C 

S u l f u r i c  Acid E lec t ro ly t e  Concentration Range: 

E l e c t r o l y t e  Ag i t a t ion  Rates: 0-540 f t /min  

17-40 w t . %  

b. The d e n s i t y  of t h e  coa t ing  on 2219 a l l o y  increased w i t h  
increas ing  c u r r e n t  densi ty .  

c .  During anodizing, forming vol tage  decreases  w i t h  increas ing  
e l e c t r o l y t e  concentrat ion.  

d.  Forming vo l t age  decreases wi th  increas ing  temperature. 

e .  The anodic coa t ing  d i s s o l u t i o n  ra te  inc reases  w i t h  
increas ing  e l e c t r o l y t e  temperature and concentrat ion.  
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2. 

3 .  

4 .  

5. 

4 

Flow Rate S tudies  

a.  

b. 

C.  

d. 

e .  

A device was designed and b u i l t  which allowed an aluminum 
sample t o  be moved through t h e  e l e c t r o l y t e  a t  con t ro l l ed  
rates of speed while the sample was being anodized. 

Burning can be cont ro l led  through increas ing  the flow rate  
of t he  e l e c t r o l y t e .  

Coatings become powdery i f  t he  flow rates are too low. 

If the  temperatures a r e  he ld  too low, say 20"C, then  h igh  
cu r ren t  d e n s i t i e s  could not  be obtained without running i n t o  
c e r t a i n  types of high cur ren t  dens i ty  coa t ing  d e f e c t s .  

The coa t ing  d e f e c t s  appeared i f  t h e  e l e c t r o l y t e  concentra- 
t i o n  was too  low. For example, 2219 a l l o y  anodized a t  200 
amps/ft2 i n  17% s u l f u r i c  a c i d  a t  30°C would almost i nva r i ab ly  
develop a d e f e c t  which could be c a l l e d  "selective anodizing 
on a moving front.111 

E lee  t r o l y t e  S tudies  

a .  Anodizing i n  p ropr i e t a ry  mixtures of o x a l i c  ac id ,  s u l f u r i c  
ac id ,  and f e r r i c  oxalate  produced coa t ings  on 2219 which 
were s p o t t y  o r  b a r r i e r  type.  
t o  burn a t  vol tages  exceeding 100 v o l t s .  

The samples showed a tendency 

b.  S u l f u r i c  a c i d  i n  concentrat ions of 26% and 30% by weight 
produce a uniform anodic coa t ing  on 2219 a l l o y .  

Acid- res i s  t a n t  cons t ruc t ion  materials , coat ings  , and adhesives 
were t e s t e d  and are reported i n  Table V. 

Pretreatment  

a. P re t r ea t ed  and anodized 2219 samples showed supe r io r  corro-  
s i o n  r e s i s t a n c e  t o  unpretreated,  abraded 2219 when t e s t e d  
i n  the  5% s a l t  spray fo r  240 hours.  

b. Alloy 2219 o r  2014 can be e l e c t r o l y t i c a l l y  desmutted i n  
d i l u t e  s u l f u r i c  ac id  by applying a p o t e n t i a l  of 15 v o l t s  
p r i o r  t o  anodizing. 

These d e f e c t s  a r e  discussed i n  d e t a i l  on page 15. 1 
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c. 2219 can be e lec t ropol i shed  i n  50 w t . %  s u l f u r i c  a c i d  a t  
4OoC and a t  cu r ren t  densi t ies  of 450 amps/ft2 o r  more. 

6 .  Post Treatments 

The following post  anodic  t reatments  are s a t i s f a c t o r y  
when t e s t e d  f o r  240 hours i n  5% n e u t r a l  s a l t  spray.2 

a. Boi l ing  water s e a l i n g  - samples of 2219 anodized t o  a 
coa t ing  thickness  of 0.25-0.30 m i l ,  s ea l ed  f o r  15 minutes 
i n  b o i l i n g  water a t  pH range 5.5 t o  7.0. 

b. Steam s e a l i n g  - samples of  2219 anodized t o  a coa t ing  
th ickness  of .35 t o  .40 m i l ,  s ea l ed  f o r  3 minutes a t  
pressures  of 10 p s i  of steam above atmospheric. 

c. Chemical conversion sea l ing  - samples of 2219 anodized 
t o  a coa t ing  thickness  of  .35 t o  .40 m i l ,  immersed i n  a 
chemical conversion s o l u t i o n  of Alodine 600, 1200, o r  
12005 f o r  2 minutes a t  74'F. 

GENERAL CONCLUSIONS: 

1. 2219-T87 can be given an anodizing t reatment  which meets t h e  
requirements of Spec i f i ca t ion  MIL-A-8625 as t o  coa t ing  q u a l i t y  
and weight. 

2.  The coa t ing  can be appl ied  a t  rates which would meet o r  exceed 
the c o n t r a c t  requirement of 1/4 f t /min.  

3. It i s  f e a s i b l e  t o  anodize 2219-T87 by a spray  anodizing tech- 
nique by applying the  technology developed i n  t h e  f i r s t  phase 
o f  t h i s  con t r ac t .  

RECOMMENDATION : 

Based on d a t a  and techniques o r i g i n a t e d  thus  f a r  i n  t h e  

performance of the con t r ac t ,  it i s  recommended t h a t  approval of 

Phase 11 of t h i s  c o n t r a c t  be  given. 

S a t i s f a c t o r y  i n  t h i s  case i s  a 4" x 6" panel  which shows no more 
than  t h r e e  p i t s  on the  exposed sur face .  

2 
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RECOMMENDED 

1. 

2.  

3 .  

4 .  

5. 

6. 

7. 

0. 

9 .  

10. 

PROCESS STEPS: 

Degrease. 

Rinse i n  t a p  water. 

Pre-etch-10 second d i p  i n  3% hydrof luor ic ,  10% n i t r i c  a c i d  
aqueous so lu t ion .  This s t e p  may be omitted i f  su r face  is 
f r e s h l y  machined. Recommended where t h e r e  i s  an  excessive 
hea t  treat  scale o r  cor ros ion  on the  sur face .  

Etch i n  c a u s t i c  f o r  5 minutes a t  30'F; 4 t o  6 oz/gal  (30 t o  
45 g m s / l i t e r ) .  Diversey Aluminux, Clepo 30R, o r  equiva len t  
p r o p r i e t a r y  e t chan t s  may be used. 

Rinse i n  t a p  water.  

Desmut f o r  1 minute a t  room temperature i n  1:l n i t r i c  ac id .  
An a l t e r n a t i v e  e l e c t r o l y t i c  desmutting s t e p  w a s  developed i n  
which the  sample is  immersed i n  t h e  s u l f u r i c  a c i d  and a 15 
v o l t  p o t e n t i a l  i s  appl ied.  

If 1:l n i t r i c  a c i d  is  used as a desmut, then r i n s e  i n  t a p  
water. If e l e c t r o l y t i c  desmutting i s  used, t he  r i n s e  s t e p  
may be omitted. Al te rna t ive  t o  the  e t ch ing  s t e p s  i s  e l e c t r o -  
po l i sh ing  i n  50% s u l f u r i c  ac id .  I f  t h i s  i s  used, t h e  p a r t  
may be anodized immediately af ter  the  e l e c t r o p o l i s h  without 
a r i n s e .  

Anodize i n  26% s u l f u r i c  ac id  a t  30°C f o r  a t i m e  and c u r r e n t  
d e n s i t y  necessary t o  achieve a coa t ing  of t he  des i r ed  q u a l i t y  
and thickness .  

Tap water r i n s e .  

S e a l  f o r  2 t o  3 minutes i n  Alodine 600, 1200, o r  1200s a t  
room temperature (over 70'F). 

METHODS OF INVESTIGATION: 

A. Alloys 

2219-T87 0.050'' 
2219-T87 0.50" welded p l a t e  

2014-T6 0.109" 
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B. Chemicals 

Reagent o r  Chemical Manufacturer 

S u l f u r i c  Acid 96% Reagent B & A  

Oxalic Acid Tech. Pf i z e r  

F e r r i c  Oxalate Tech. P f i z e r  

N i t r i c  Acid 70% Reagent B & A  

Caust ic  Etchant (30R) F. R. G w m  Co. 

Desmut (514) Diversey Corp. 

Hydrofluoric Acid B & A  

C. Equipment 

1. AR Constant Current Regulator 

Purpose: 

Manufacturer: Hevi-Duty Electr ic  Company 
Milwaukee, Wisconsin 

Maximum Voltage: 250 VDC 

Maximum Current:  25 Amps 

For maintaining cons tan t  cu r ren t  w i th  varying 
vol tage.  

Maximum Wattage: 1 . 2  Kw 

2. Type SK - DC Generator 

Purpose: 

Manufacturer: Westinghouse Electric Company 

To provide anodizing power source wi th  cons tan t  
vo l tage .  

Maximum Voltage: 154 DCV 

Maximum Current:  267 Amps 

Wattage : 40 KW 

RPM: 1750 

3.  Agi ta t ion  Device (Cont ro l le r  and Motor) 

Purpose: To move a sample through a s o l u t i o n  i n  one plane 
a t  varying rates of  speed. 



547 DC Motor Cont ro l le r  

Manufacturer: Gerald K. Heller Company 
Las  Vegas, Nevada 

Input 115 VAC, S ingle  Phase, 50-60 Cycle, 500 Watts 

DC Motor - "Master" Gearmotor 

Manufacturer: Master Electric Divis ion 
Reliance Electric & Engineering Co. 
Columbus, Indiana 

Horsepower: 1/3 

Type : 115 V Shunt 

RPM: 1725 

Amps : 2.85 

4.  Taber Abraser 

Purpose: 

Manufacturer: Taber Instrument Corporation 

CS17 abras ion  wheels used. 

For weighted abras ion  wheel abras ion  tests. 

North Tonawanda, New York 

5. Analy t ica l  Balance Sa r to r ius  Selecta 

Purpose: 

0-200 G r a m s ,  S e n s i t i v i t y  kO.1  Milligram 

For var ious  a n a l y t i c a l  weight measurements. 

6.  Dennitron 

Purpose: An eddy cu r ren t  device f o r  measuring th ickness  
of anodic coa t ings .  

Manufacturer: Unit  Process Assemblies 
Woodside, New York 

D. Other Materials 

Table V shows a l i s t  of  ma te r i a l s  i nves t iga t ed ,  
their  manufacturer, t h e i r  intended use,  and o t h e r  f e a t u r e s .  
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EXPERIMENTS , RESULTS, DISCUSSION: 

A. Pretreatment  

Pretreatment of aluminum sur faces  p r i o r  t o  anodizing may 

have seve ra l  purposes. I f  a specular  sur face  is  des i red ,  the  

aluminum i n  quest ion must be given a buff  and a b r i g h t  d ip  

p r i o r  t o  anodizing. If a uniform appearance is  needed, a 

c a u s t i c  e t c h  w i l l  u sua l ly  s u f f i c e  as a pretreatment .  

coa t ing  wi th  good corrosion p ro tec t ion  t o  the  base metal i s  
needed, any sur face  imperfection which would tend t o  give a 
nonuniform response t o  anodizing and thus weaken the  p ro tec t ive  

value of the  coat ing must be removed. 
The prepreparat ion of panels  during Phase I of t h i s  work 

I f  a 

has  involved the  immersion of the  panels  i n  d i l u t e  hot  caus t i c .  
The c a u s t i c  treatment usua l ly  removes about 1 m i l  of aluminum 

from the  surface.  

s a i d  t h a t  t h i s  much metal removal could not be to l e ra t ed .  

(See Figure 1 . )  The engineers  a t  NASA have 

1. Pretreatment  E 1 ec t rop ol is  hing 

Electropol ishing i n  a s u l f u r i c  a c i d  e l e c t r o l y t e  may 

be f e a s i b l e  because of the  cont ro l led  metal  removal and 

the  use of s u l f u r i c  acid which would e l imina te  a r i n s e  

s t e p  between the  pretreatment  and anodizing s t eps .  

Individual  samples of 2219-T87 were anodized i n  a 
so lu t ion  of 50% by weight s u l f u r i c  a c i d  i n  cur ren t  dens i ty  

increments of 50 amps/ft2 between 50 and 600 amps/ft2. 

The experiment was performed between 20 and 4OOC. 

and r e s u l t s  are given i n  Table I. 

t h a t  t he  sur face  can be p r e t r e a t e d  by t h i s  method, but  

more research work may be necessary t o  have it  become a 
s tandard t reatment .  

Data 

This experiment shows 
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E l e c t r o l y t i c  Desmutt ing 

3 .  

A sample of 2219-T87 was etched f o r  s eve ra l  minutes 

i n  c a u s t i c  t o  form a heavy smut. Then it w a s  made t h e  

anode i n  a 26% s u l f u r i c  a c i d  s o l u t i o n  a t  a p o t e n t i a l  of  

15 v o l t s .  The s m u t  was removed i n  a ma t t e r  of several 

seconds. 

between the  e t c h  pretreatment and anodizing may be 

el iminated.  These s t eps  would be r i n s e ,  desmut, r i n s e  

followed by the anodizing s t ep .  

contamination on t h e  anodizing e l e c t r o l y t e  has not  been 

determined a t  t h i s  time, 

The s ign i f i cance  of t h i s  may be t h a t  t h e  s t e p s  

The e f f e c t  of copper 

Although t h i s  p rac t i ce  may not  have d i r e c t  a p p l i c a t i o n  

t o  the  spray anodizing process,  it could save considerable  

t i m e  i n  t he  removal of heavy smut from a chemical m i l l i n g  

ope ra t  ion  . 
Effect of Pretreatment on Abraded, Anodized Welded P l a t e  
of 2219 

The e f f e c t  on cor ros ion  r e s i s t a n c e  of an anodized 

aluminum su r face  which has  not  been p r e t r e a t e d  w i l l  depend 

upon the  type of contamination o r  su r face  imperfection 

which i s  present .  I f  an aluminum su r face  has been buffed 

bu t  not  cleaned and then anodized, t he re  i s  a good chance 

t h a t  some buf f ing  compound w i l l  be entrapped i n  the  anodic 

coat ing.  

of sand entrapped a f t e r  anodizing. 

weldment on t h e  2219 p l a t e ,  t h e  problem involves a gr ind-  
ing opera t ion  which removes t h e  weld bead. When aluminum 

i s  ground o r  sanded, sometimes particles of aluminum are 
picked up during one revolu t ion  of the gr inding  d i s k  and 

are redeposi ted through f r i c t i o n  welding o r  s t i c k - s l i p  

phenomena onto t h e  sur face  of t he  metal on the  next 

Often sand b l a s t ed  surfaces w i l l  show p a r t i c l e s  

I n  the case of t h e  
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revolu t ion .  During anodizing, t h e  p a r t i c l e s  are bypassed 

when the  s l i g h t  contac t  j o i n t  t o  the  base metal is anodized 

through. 

To i l lus t ra te  these effects,  t h e  following exper i -  
ment w a s  performed. 

p l a t e  samples of 2219-T87, 0.5", was ground even wi th  the  

sur face .  

c o n s i s t i n g  of an a lka l ine  degrease,  an a c i d  pre-e tch  d ip ,  
a 5 minute c a u s t i c  e tch,  and a desmut i n  1:l n i t r i c  ac id .  

The second group of samples  was only degreased as a pre-  

t reatment  t o  anodizing. Both groups were anodized t o  0.4 

m i l  and sea l ed  i n  bo i l ing  water f o r  15 minutes. 

r a t i n g s  on the  samples a f t e r  240 hours exposure t o  s a l t  

spray  were as follows. 

The weld bead of two groups of  welded 

One group w a s  given a s tandard  pretreatment  

ASTM 

Rating 

Normal Pretreatment  8.0 
Unpre t r ea t ed  4.3 

Photographs of these exposed samples a r e  shown i n  Photo. A .  

B. Anodic Coating S tudies  

The purpose of t h i s  study i s  t o  determine the phys ica l  

p r o p e r t i e s  of t h e  oxide coat ing on 2219 and 2014 a l l o y s .  

measurement of t he  dens i ty  of t he  oxides on the  two a l l o y s  

w i l l  be necessary t o  l a t e r  e s t ima te  the  weight added t o  the 

launch v e h i c l e  by t h e  oxide coa t ing .  

w i l l  be used as a method t o  determine the  coa t ing  q u a l i t y ,  

and sa l t  spray cor ros ion  t e s t s  w i l l  be used t o  e s t a b l i s h  

minimum o r  optimum f i lm  thickness .  

v a r i a b l e s  w i l l  be shown by abras ion  and thickness  measurements. 

The 

The ab ras ion  r e s i s t a n c e  

The e f f e c t  o f  s e v e r a l  anodizing 

1. Discussion of  Anodizing 

The opera t ion  of anodizing aluminum i s  performed i n  

a s u i t a b l e  e l e c t r o l y t e  by s e t t i n g  a p o t e n t i a l  and pass ing  



12 

amperes 
u n i t  a rea  

E l e c t r o l y t e s  used i n  aluminum anodizing are divided 

c u r r e n t  o r  passing cur ren t  a t  a given r a t i o  of  

u n t i l  t he  des i r ed  coating thickness  is  reached. 

i n t o  two groups, depending upon t h e i r  so lven t  a c t i o n  on 

the  coat ing.  

Anodizing i n  nondissolving e l e c t r o l y t e s  i s  charac te r ized  

by high vol tages  and low cur ren t  d e n s i t i e s .  The thickness  

of the b a r r i e r  type coat ings is  vo l t age  dependent; t h a t  

is ,  t h e  higher  t he  vol tage ,  t he  t h i c k e r  t he  coa t ing .  Such 

coa t ings  are u s u a l l y  formed on high p u r i t y  aluminum and 

are used i n  capac i tors .  

Anodizing i n  d isso lv ing  type e l e c t r o l y t e s  is  charac- 

t e r i z e d  by higher  cur ren t  d e n s i t i e s  t o  form much t h i c k e r  

coa t ings .  The vol tages  used a r e  r e l a t i v e l y  lower. 

When cu r ren t  is passed through the  su r face  of the  

aluminum anode i n  a s u l f u r i c  a c i d  so lu t ion ,  the  r eac t ion  
which takes  place i n  the f i r s t  few seconds i s  t h e  forma- 

t i o n  of a b a r r i e r  f i lm, s i m i l a r  t o  t h a t  formed i n  

nondissolving e l e c t r o l y t e .  A t  some p o t e n t i a l  s u f f i c i e n t  

t o  cause cu r ren t  t o  f l o w  through the  b a r r i e r  f i lm,  the  

coa t ing  starts t o  grow th i cke r .  The c u r r e n t  flowing 

through d i s c r e t e  points  i n  the  b a r r i e r  f i l m  causes po in t -  

hea t  build-up. The s u l f u r i c  ac id ,  being a d i s so lv ing  type 

e l e c t r o l y t e ,  a t t a c k s  the oxide coa t ing  i n  these regions of 

g r e a t e s t  hea t  build-up. The a t t a c k  and subsequent d i s -  

s o l u t i o n  of  the  oxide s ta r t s  a pore. 

Once anodizing has begun, a r a t h e r  complicated equi-  

l ib r ium i s  achieved. 

dens i ty ,  vo l tage ,  b a r r i e r  f i l m  th ickness ,  e l e c t r o l y t e  

temperature, concentrat ion and a g i t a t i o n  o r  flow r a t e .  

I f  any of  t he  anodizing condi t ions  o r  parameters are 

changed, then t h e  o the r s  may be a f f e c t e d .  For example. 

The equi l ibr ium i s  between c u r r e n t  
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r a i s i n g  the  e l e c t r o l y t e  temperature would increase  the  

s o l u b i l i t y  of the e l e c t r o l y t e ,  lower t h e  b a r r i e r  f i lm  

thickness ,  lower the  vol tage ( i f  power source i s  constant  

cu r ren t ) ,  o r  raise the  cu r ren t  ( i f  power source i s  cons tan t  

vo l tage) .  

The equi l ibr ium i s  a l s o  a f f e c t e d  i f  d i f f e rences  i n  

e l e c t r o l y t e  flow rate cause l o c a l i z e d  temperature d i f f e r -  

ences which resul t  i n  v a r i a t i o n s  i n  the th ickness  of the 

b a r r i e r  f i l m .  Localized d i f f e rences  i n  b a r r i e r  f i l m  

thickness  may resu l t  i n  a number of coa t ing  de fec t s ,  which 

include burning and assoc ia ted  nonuniformities.  

f i lm  can be considered as a v a r i a b l e  r e s i s t o r  i n  an elec- 

t r i c a l  c i rcu i t .  However, when the  temperature increases ,  

t h e  conduct iv i ty  of  the b a r r i e r  f i lm  increases .  

The b a r r i e r  

A number of workers have s tud ied  the phenomena of 

anodic coa t ing  formation on aluminum. Hunter and Fowle 

have done b a s i c  work i n  t h e  f i e l d  of anodic oxide formation. 

Of p a r t i c u l a r  i n t e r e s t  was t h e  s e c t i o n  of t h e i r  paper 

dea l ing  wi th  f a c t o r s  a f f e c t i n g  the  b a r r i e r  f i l m  thickness .  

They found the  u n i t  barrier thickness  (measured i n  angstroms 

pe r  v o l t )  changed wi th  ba th  temperature, e l e c t r o l y t e  type, 

and e l e c t r o l y t e  concentrat ion.  

ness was found t o  be a func t ion  of  the vo l t age  drop across  

the coat ing.  They found that  t h e  u n i t  b a r r i e r  thickness  

reaches a minimum and does not  change apprec iab ly  i n  the  

concent ra t ion  range of  25-60 w t . %  s u l f u r i c  ac id .  
Figure 1A on page 14 .) 

Tota l  b a r r i e r  f i l m  th ick-  

(See 

"Factors  Affect ing the Formation of Anodic Oxide Coatings," 
M. S. Hunter and P. Fowle, Journal  of t h e  Electrochemical 
Soc ie ty ,  October, 1954. 
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Figure 1 A  
Rela t ion  between s u l f u r i c  
a c i d  concent ra t ion  and 
u n i t  b a r r i e r  th ickness  
of  coa t ing  formed on 
99.99% aluminum a t  70°F 
and 15 v o l t s .  

. The effect  of ba th  temperature on u n i t  b a r r i e r  

thickness  i s  shown i n  Figure 1B below. 

minimum value i s  reached a t  about 80°F and remains 

r e l a t i v e l y  cons tan t  through about 160°F. 

Notice t h a t  a 

Figure 1 B  
Effect of vo l tage  and 
temperature on u n i t  
b a r r i e r  thickness  f o r  
coa t ings  on 99.99% 
aluminum formed i n  
15% s u l f u r i c  acid. 

Figures  1A and 1B were taken from t h e  ar t ic le ,  "Factors 

Affect ing t h e  Formation of  Anodic Oxide Coatings," by 

M. S .  Hunter and P. Fowle, Journa l  of t he  Electrochemical 

Society,  October, 1954. 
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2.  High Current Density Coating Defects 

Coating thickness  v a r i a t i o n s  encountered during 

anodizing w i l l  u l t ima te ly  depend upon several i n t e r a c t i n g  

va r i ab le s .  Where cur ren t  flows through the  b a r r i e r  f i l m ,  

anodic oxide is formed, A high temperature a t  t h e  i n t e r -  

face between t h e  e l e c t r o l y t e  and b a r r i e r  f i l m  causes a 
lowering of r e s i s t a n c e  and a passage of  cu r ren t .  There 
are a number of defec ts  which one w i l l  encounter during 

high c u r r e n t  d e n s i t y  anodizing. These d e f e c t s  should be 

def ined and discussed.  I n  common terms, the  d e f e c t s  

would a l l  be c l a s s i f i e d  as burning. 

descr ib ing  samples produced under these  experiments, i t  

i s  necessary t o  f u r t h e r  d i f f e r e n t i a t e  t he  tern "burning." 

For the  purposes of 

A burn on an anodized p a r t  is  def ined a s  the  t o t a l  

d i s i n t e g r a t i o n  of oxide i n  metal  a t  an  area o r  po in t  on 

the  su r face  of the  sample .  The aluminum su r face  a t  t h e  

burn s i t e  seems t o  be polished. The burned a r e a  i s  u s u a l l y  

surrounded by powdered oxide as a r e s u l t  of ho t  e l e c t r o l y t e  

a t t a c k .  Outside the  area surrounding the  burn, however, 

t h e r e  i s  u s u a l l y  a heavy build-up of oxide t h i c k e r  than  

t h a t  on t h e  remainder o f  t he  sample. 

i s  a r e s u l t  of high electrochemical  a c t i v i t y  i n  t h a t  area. 

The oxide build-up 

An "a r re s t ed  burn,'' as shown i n  Photo. C 3 ,  i s  a burn 
which s t a r t e d  bu t  l a t e r  i n  t h e  same anodizing cyc le  was 

caused t o  recover.  

powdered oxide i s  present  around the  edges of t he  burn 

s i t e ,  bu t  t he  burn i t s e l f  is  covered wi th  good q u a l i t y  

anodic coa t ing .  There is  a l s o  a reduct ion  i n  the  thickness  

i n  the  aluminum where the  aluminum w a s  d i sso lved .  

can be co r rec t ed  during t h e  anodizing cyc le  i f  t he  opera tor  
recognizes t h e  ind ica t ions  of the  burn s t a r t i n g .  This can 

be observed by changes i n  the  c u r r e n t  and vo l t age  during 

It is  recognized on a panel  when the  

A burn 
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anodizing. The burn manifests i t se l f  by a sudden drop i n  
vo l tage  of 3 t o  5 vo l t s  and a simultaneous surge i n  the  

amperage. The cor rec t ion  i s  made by lowering the power 

input  o r  by increas ing  the a g i t a t i o n  rate of  t he  e l e c t r o l y t e .  

Thermochemical a t tack" on the  anodic coa t ing  (shown 

i n  Photo. C1) i s  an  area of l oose ly  adhering powdery oxide 
which i s  s o f t  enough t o  be  scra tched  o f f  w i th  t h e  f inge r -  

n a i l  o r  wiped o f f  w i th  a rag.  This cond i t ion  i s  caused by 

imbalance i n  t h e  hea t  input-heat removal r a t e s  i n  a loca l -  

i zed  area. I n  the  case of thermochemical a t t a c k ,  t he  

nonequilibrium condi t ion has not  reached the ca t a s t roph ic  

proport ions of a burn. The temperature of the  i n t e r f a c e  

a t  the e l ec t ro ly t e -ou te r  oxide coa t ing  i n  the a f f e c t e d  

area has reached a point  where t h e  anodic coa t ing  i s  

r e a d i l y  so lub le .  

the hot  e l e c t r o l y t e  leaves the  oxide w i t h  v i r t u a l l y  no 

mechanical s t r e n g t h .  

The r e s u l t i n g  attack on t h e  coa t ing  by 

Photo. C2 a l s o  shows a v a r i a t i o n  i n  t h e  high cu r ren t  

d e n s i t y  anodizing which we have termed " s e l e c t i v e  anodizing 

on a moving f ron t . "  I n  t h i s  s i t u a t i o n ,  t he  i n i t i a l  e l e c t r o -  

chemical a t t a c k  i s  confined on a corner  o r  an ou t s ide  edge. 

The energy induced by the a t t a c k  hea t s  the  surrounding 

area. The i n i t i a t i o n  point w i l l  then  e i t h e r  burn o r ,  i f  

t he  hea t  has been removed r a p i d l y  enough, merely anodize 

a t  a h igher  r a t e .  The increase  i n  coa t ing  th ickness  

causes an increase  i n  e l e c t r i c a l  r e s i s t a n c e  and the anodiz- 

ing i s  t r a n s f e r r e d  t o  a l e s s  res is t ive a r e a .  I n  t h i s  case 

i t  i s  the  w a r m  a rea  adjacent  t o  the  area of h ighes t  a c t i v i t y .  

This phenomena continues and t r a v e r s e s  the panel  i n  an 

i r r e g u l a r  manner following t h e  pa th  of  l e a s t  r e s i s t a n c e .  

The coa t ing  on the  dark areas i n  Photo, C2 may be as much 

as 5 t o  10 times as th i ck  a s  the  coa t ing  i n  the  ad jacent  

l i g h t e r  areas. 
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Another phenomena which w e  descr ibe  a s  " l i g h t  coa t ing  
around the  edges of the panel" and shown i n  Photo. C4 i s  a 

r e s u l t  of hea t  being ex t rac ted  from the  edges of the  panel  

more r a p i d l y  than i n  the center - - the  coo le r  edges having a 

more resist ive b a r r i e r  f i l m  than t h e  cen te r .  This b r ings  

about a relative increase i n  t h e  electrochemical  a c t i v i t y  

i n  the  c e n t e r  of the  panel y i e ld ing  a t h i c k e r  coa t ing  the re .  

3. Se lec t ion  of E lec t ro ly t e  

From l i t e r a t u r e  and experimentation, i t  w a s  decided 

that the  proper  concentrat ion and temperature of t he  

e l e c t r o l y t e  would be i n  a range where l o c a l i z e d  tempera- 

t u r e  v a r i a t i o n s  would not r e s u l t  i n  v a r i a t i o n s  i n  the  

b a r r i e r  f i l m  thickness .  The d a t a  from the  l i t e r a t u r e  

i n d i c a t e  t h a t  a s u l f u r i c  a c i d  concent ra t ion  of about 25% 

o r  g r e a t e r  and a temperature of about 30°C i s  i n  t h e  range 

of  minimum u n i t  b a r r i e r  f i l m  th ickness  formation during 

anodizing. 

Other c r i t e r i a  are  the  maximizing conduct iv i ty  and 

the  minimizing r a t e  of coa t ing  s o l u b i l i t y .  Hunter and 

Fowle i n d i c a t e  t h a t  conduct ivi ty  of s u l f u r i c  a c i d  is  a t  a 

maximum a t  30 w t . %  and t h a t  coa t ing  s o l u b i l i t y  ra te  i s  a t  

a maximum between 10 and 30 w t . % .  

4.  Weight Change During Anodizing of 2219 and 2014 Alloys 

A series of 2219-T87, 0.05", and 2014-T6, 0.109", 

samples was anodized in  26 w t . %  s u l f u r i c  a c i d  a t  30°C a t  

varying cu r ren t  d e n s i t i e s .  

pretreatment ,  a f t e r  anodizing, and a f t e r  s t r i p p i n g .  The 

p r i n c i p a l  r e s u l t s  were t h a t  a f t e r  anodizing a t  a low 

c u r r e n t  d e n s i t y  ( o r  long exposure t o  e l e c z r o l y t e ) ,  t h e r e  

was a ne t  l o s s  i n  weight a f t e r  anodizing; bu t  as c u r r e n t  

The samples were weighed a f te r  
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d e n s i t i e s  increased t o  SO, 100, and 200 amps/ft2, t h e r e  

was a n e t  ga in  i n  weight as a r e s u l t  of anodizing. The 

r e s u l t s  are shown i n  Table I1 and Figure 2.  

5. The Relat ionship of Abrasion Resis tance and E l e c t r o l y t e  
Concentrat ion  

I n  o rde r  t o  determine t h e  effects  of e l e c t r o l y t e  

concent ra t ion  on the  abras ion  r e s i s t a n c e  of anodic coa t ings  

on 2014-T6 and 2219-T87 a l l o y s ,  samples were prepared i n  

the following manner: 

a. Degreased i n  Diversey 1 7  a t  140°F, t a p  water r i n s e .  

b. 

c. Etched i n  30R caus t i c  s o l u t i o n  a t  150°F f o r  5 minutes. 

d. Desmutted i n  1:l n i t r i c  ac id ,  t ap  water r i n s e .  

e. 

f .  The samples were not sea led .  

Pre-etched i n  a very d i l u t e  s o l u t i o n  of hydrof luor ic  
and n i t r i c  a c i d  a t  room temperature, t a p  water r i n s e .  

Anodized a t  15 amps/ft2 a t  20°C f o r  30 minutes i n  
s o l u t i o n s  of 10, 20, 30 and 40% by weight s u l f u r i c  ac id .  

The samples were evaluated by measuring weight l o s s  

a f t e r  1000 revolu t ions  on the  Taber Abrasion Tes t e r  using 

CS-17 wheels and 1000 grams load. 

were abraded wi th  the  average weight l o s s  recorded. The 

r e s u l t s  of t h i s  experiment a r e  given i n  Table I11 and 

Figure 3 .  The d i f fe rences  shown a r e  on the  o r d e r  of 0.5 

mg and are not  considered as s i g n i f i c a n t  i n  t h i s  p a r t i c u l a r  
experiment . 

Both s i d e s  of t h e  sample 

C.  Flow Rate S tudies  

The purpose of t h i s  study i s  t o  f i n d  c r i t i c a l  e l e c t r o l y t e  

flow r a t e - c u r r e n t  density-temperature r e l a t i o n s h i p s  and r e l a t e  

t h i s  s tudy t o  t h e  main program by optimizing these  opera t ing  

v a r i a b l e s .  
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The rate a t  which the  e l e c t r o l y t e  moves ac ross  t h e  su r face  

of t he  anodizing aluminum governs the  r a t e  a t  which hea t  can be 

removed from the  sur face .  The temperature of t h e  e l e c t r o l y t e  

c o n t r o l s  t he  d i s s o l u t i o n  r a t e  of t he  oxide coa t ing  i n  the 

s u l f u r i c  ac id .  The temperature of the e l e c t r o l y t e  i n  the 

oxide f i l m  varies wi th  the  cu r ren t  d e n s i t y  appl ied .  

c u r r e n t  dens i ty  i s  too high i n  r e l a t i o n  t o  t h e  ra te  a t  which 

t h e  hea t  i s  removed, then burning d i s i n t e g r a t i o n  of t he  coa t ing  

and aluminum occurs.  

When the  

The measurement of  the  flow rate  of e l e c t r o l y t e  p a s t  a 

po in t  and i t s  e f f e c t  on heat  d i s s i p a t i o n  w i l l  be performed 

by equipment descr ibed here in .  

To produce a good q u a l i t y  anodic coa t ing  and meet the  

t e c h n i c a l  demands of  t h i s  con t r ac t ,  i t  w a s  f e l t  t h a t  t h e  

anodizing head should f l u s h  t h e  e l e c t r o l y t e  ac ross  t h e  sur face  

being anodized. 

t h i s  job,  c e r t a i n  d a t a  had t o  be generated a s  t o  t h e  e f f e c t  of 

flow r a t e  of t h e  e l e c t r o l y t e  on var ious anodizing v a r i a b l e s .  

To produce such da ta ,  i t  w a s  requi red  t h a t  we design an 

To b u i l d  an anodizing head capable of doing 

apparatus  which would move an aluminum sample through t h e  

e l e c t r o l y t e  a t  var ious  r a t e s  of speed, f l u sh ing  the  su r face  

uniformly w i t h  e l e c t r o l y t e .  An aluminum sample a t t ached  t o  

t h e  end of t he  s h a f t  of a n  e l e c t r i c  s t i r r e r  had been t r i e d ,  

and it  was found t h a t  t he  coa t ing  q u a l i t y  v a r i e d  from the  

edge of t h e  sample t o  the  middle where the sample w a s  mounted. 

The coa t ing  grew s o f t e r  as the  r a t e  of a g i t a t i o n  decreased 

toward the  c e n t e r  of the  sample. From t h i s  work a sample holder  

w a s  designed which reciprocated from an e c c e n t r i c a l l y  mounted 

s h a f t  on a revolving d i sk  a t t ached  t o  the  s h a f t  of an e l e c t r i c  
motor. When the  sample moved t o  the  top o r  bottom of a cyc le ,  

t h e r e  was a momentary s t o p .  

ze ro  movement, t h e  sample tended t o  burn. This experiment 

po in t ed  out  t he  need f o r  an apparatus  which would move the  

sample a t  uniform speeds. 

During t h i s  moment of zero o r  near 
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1. Descript ion of Agi ta t ion  Apparatus 

Photo. B shows the a g i t a t i o n  device which w a s  designed 

t o  produce the  da t a  w e  required.  Here, two d isks ,  each 

wi th  a 4%'' rad ius ,  are connected by con tac t  ba r ,  synchro- 

nized wi th  a n  i d l i n g  gear,  and dr iven  by a b e l t  from a 
v a r i a b l e  speed DC motor.. 

t i tanium rack which i s  r i g i d l y  connected t o  the  contac t  

bar .  The sample i s  connected t o  t he  t i t an ium rack and 

descr ibes  a c i r c l e  nine inches i n  diameter i n  a s i n g l e  

plane through the  e l e c t r o l y t e .  The connection t o  the  

contac t  b a r  i s  held r i g i d l y  t o  prevent f l e x i n g  o f  the  

w i r e  dur ing operat ion.  

The contac t  b a r  holds the  square 

The v a r i a b l e s  under i n v e s t i g a t i o n  i n  these  experiments 

are the  e f f e c t s o f  flow rate  on o the r  anodizing va r i ab le s .  

The methods of eva lua t ing  the  effects of t h e  change i n  

va r i ab le s  are (1) simple v i s u a l  observat ion,  (2) coa t ing  

thickness  measurement, (3)  abras ion  r e s i s t a n c e  measurement, 

and ( 4 )  coat ing  weight measurements. 

Photo. B 
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2. Relat ionship of Anodizing Variables  t o  E l e c t r o l y t e  Flow 
Rate 

The work on this  sub-phase w a s  completed on 2219-T87 

a l loy .  The results and d a t a  are l i s t e d  i n  Table I of t h i s  

r epor t .  Figure 6 is  a graphic  p l o t  of t he  e l e c t r o l y t e  

temperature versus the  e l e c t r o l y t e  flow rate and c u r r e n t  

d e n s i t y  as r e l a t e d  t o  the r e s u l t i n g  anodic coat ing.  

work po in t s  t o  the  va r i ab le s  which must be con t ro l l ed  i n  

order  t o  achieve a good q u a l i t y  anodic coa t ing .  
q u a l i t y  here means a coat ing which i s  uniform i n  appear- 

ance and not  obviously s o f t .  I n  a simple v i s u a l  evalua- 

t i o n  technique, i f  a sample i s  e a s i l y  scored when handled 

o r  rubbed one a g a i n s t  the o the r ,  then the  coa t ing  i s  

adjudged t o  be obviously s o f t .  

This 

Good 

From Figure 6 and Table V I  i t  can be seen t h a t  a 

good coa t ing  can be formed i n  the 30-4OoC e l e c t r o l y t e  

temperature range a t  a flow rate g r e a t e r  than 100 feet  

p e r  minute and a t  cur ren t  d e n s i t i e s  of a t  least  200 amps/ft2. 

3 .  Abrasion Resis tance a s  Affected by Coating Thickness and 
E l e c t r o l y t e  Flow Rate 

Figure 7 and Table V I 1  show t h e  e f f e c t  of t h e  flow 

rate of the e l e c t r o l y t e  on t h e  abras ion  r e s i s t a n c e  of 

2219 anodized t o  several coa t ing  thicknesses .  The samples 

were anodized a t  100 amps/ft2 because t h i s  i s  the approxi- 

mate c u r r e n t  d e n s i t y  t o  be used i n  the  process  i t s e l f .  I n  

the  anodizing head now under design, 100 amps/ft2 w i l l  

produce a 0.3 m i l  (desired th ickness)  coa t ing  a t  an  

anodizing rate of approximately 6 l i n e a r  inches p e r  minute. 

I n  Figure 7 no spec ia l  n o t i c e  i s  taken of t h e  abras ion  

r e s i s t a n c e  of t he  0.3 and 0.5 m i l  th icknesses ,  except t h a t  
they  are approximately t h e  same. However, t h e  1 .0  m i l  
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coat ings  show a marked increase  i n  abras ion  r e s i s t a n c e  as 
the e l e c t r o l y t e  flow r a t e  is  increased.  This d a t a  would 

support  t h e  content ion t h a t  i f  heat i s  removed r a p i d l y  

enough from the  r eac t ion  s i t e ,  t h e r e  i s  less s o l u t i o n  

a c t i o n  on the coa t ing  by the  h o t  e l e c t r o l y t e  and, t he re fo re ,  

a more abras ion  r e s i s t a n t  oxide is  produced. 

The reduct ion i n  abrasion r e s i s t a n c e  i n  coa t ings  

formed i n  an  e l e c t r o l y t e  wi th  a flow rate  of less than 

150 feet  p e r  minute is  probably due t o  an i n s u l a t i n g  e f f e c t  

of the  t h i c k e r  oxide coating. The a d d i t i o n a l  i n s u l a t i o n  

allows the  hot  e l e c t r o l y t e  more time t o  a t t a c k  the  t h i c k e r  

coat ings.  

Figure 8 and Table VI11 show a decrease i n  abras ion  

r e s i s t a n c e  as the  thickness  o f  the  coa t ing  increases. It 

is  i n t e r e s t i n g  t o  compare the  r e s u l t s  of the  abras ion  tests 

on the  pane ls  anodized a t  15 amps/ft2 wi th  those of  compar- 

a b l e  thicknesses  anodized a t  100 amps/ft2. 

removal i s  a f a c t o r  ( less  than 150 feet  p e r  minute flow 

rate a t  100 amps/ft2),  t he  q u a l i t y  of  t h i c k e r  coa t ings  

s u f f e r s  . 

Where hea t  

4 .  Some Rela t ionships  of  Anodic Coating Forming Conditions 
and Coating P rope r t i e s  

A very  important aspec t  of  t h e  work t o  d a t e  is  the  

c a l c u l a t i o n  of the  weight of an anodic coa t ing  of a given 

th ickness  formed under a given se t  of  anodizing condi t ions .  

Previously,  it has  been shown t h a t  t he  d e n s i t y  o f  t he  

coa t ing  would vary with the  th ickness ;  t h a t  i s ,  t he  

t h i c k e r  t he  coat ing,  the lower t h e  d e n s i t y  due t o  e l e c t r o -  

l y t e  a t t a c k ;  the  time of  exposure; t h e  concentrat ion;  and 

t h e  bulk e l e c t r o l y t e  temperature. 

4 

Kiss in ,  G. H., e t  a l . ,  Finishing o f  Aluminum, Reinhold Publ ishing 
Corpora t ion ,  New York, 1963, pp. 13-31. 

4 
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From the  da ta  presented i n  t h i s  r epor t ,  it was 
concluded t h a t  the dens i ty  of  t he  coat ing a l s o  va r i ed  wi th  

cur ren t  densi ty .  This is  probably the r e s u l t  of the  

g r e a t e r  c e l l  w a l l  thickness brought about by the  higher  

forming vol tage  required a t  t he  h igher  cu r ren t  d e n s i t i e s .  

(See Figures  4 and 5 . )  Another v a r i a b l e  which affects 

the  dens i ty  of t he  coat ing i s  the  e l e c t r o l y t e  flow rate. 

Flow r a t e  of the e l e c t r o l y t e  a f f e c t s  t he  temperature near  

the  sur face  of t he  coat ing being formed, thus a f f e c t i n g  

the  d i s s o l u t i o n  rate of the  coat ing i n  the  e l e c t r o l y t e .  

A series of 2219-T87, 0.O5O1', 4" x 611 panels  was 

anodized a t  var ious cur ren t  d e n s i t i e s  including 15, 50, 

100, and 200 amps/ft2 a t  3OoC i n  26% w t .  s u l f u r i c  a c i d  

and an e l e c t r o l y t e  f l o w  r a t e  of  140 f e e t  p e r  minute. 

r a t e  of 140 f e e t  p e r  minute flow rate w a s  chosen because 

t h i s  w a s  shown t o  be a minimum flow r a t e  a t  which 2219-T87 

could be anodized a t  200 amps/ft2 without  adversely 

a f f e c t i n g  the  coat ing.  (See Figure 6 . )  Two more samples 

were anodized a t  800 amps/ft2 i n  the  same ba th  and tempera- 

t u re ,  but  the  var iab les  of flow rate had t o  be changed t o  

accommodate the gross  increase  i n  cu r ren t  dens i ty .  (See 

Table I V . )  Af t e r  anodizing and weighing (coat ings were 

not s ea l ed ) ,  the coat ing thicknesses  were measured on the  

Dermitron and the  Ultrasonoscope. Ten measurements were 

made on each sample on both  s i d e s  and w i t h  each instrument.  

Two samples 2" x 4" (5  x 10 cm) were c u t  from each 4" x 6" 
panel.  

accordance wi th  MIL-A-8625A 4.4.3.2. 

A 

5 

These samples were s t r i p p e d  and weighed i n  

Both the  Dermitron and the Ultrasonoscope a r e  based on the  eddy 
c u r r e n t  p r i n c i p l e .  

5 
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D. Post Anodic Treatments 

An aluminum sur face  which has been f r e s h l y  anodized i n  

s u l f u r i c  a c i d  has t h e  property of being h igh ly  porous and 

absorp t ive .  This proper ty  allows a number of  t reatments .  

Various pos t  anodic treatments can render  t h e  a r t i c l e  func- 

t i o n a l  according t o  t h e  p a r t i c u l a r  needs d i c t a t e d  by the  end 

use. The open-pore anodic coa t ings  may be p r in t ed ,  impregnated 

wi th  photographic emulsion o r  l u b r i c a n t s ,  e l e c t r o p l a t e d ,  dyed, 

and/or sealed.  

1. Hot Water Sea l ing  

Seal ing is, o r d i n a r i l y ,  a 15 minute immersion of t he  

f r e s h l y  anodized a r t i c l e  i n  b o i l i n g  water. The mechanism 

of the  s e a l i n g  process i s  commonly be l ieved  t o  be a 

r e a c t i o n  between water and the  anodic oxide t o  form the  

mono- and the  t r i -hydra ted  forms o f  aluminum oxide. The 

r eac t ion  products c l i n g  t o  the  pore wa l l s  and the  oxide 

sur face  and phys ica l ly  block t h e  e n t r y  of fo re ign  o r  

cor ros ive  ions o r  molecules. A s ea l ed  su r face  is  sometimes 

t e s t e d  wi th  a drop of dye. 

adequately sea led  i f  it accepts  t h e  dye. 

A sample i s  not  considered 

To provide a d d i t i o n a l  p r o t e c t i o n  from corrosion,  

p a r t i c u l a r l y  from the ch lo r ide  ion,  chromates a r e  some- 

t i m e s  introduced i n  l o w  concent ra t ions  i n t o  the  seal ba ths .  

It i s  be l ieved  t h a t  the chromium forms a complex oxide 

wi th  the  aluminum which does not  r e a d i l y  hydrolyze i n  the  

presence of t he  ch lor ide  ion  and water. 

2 .  Steam Sea l ing  o f  Anodized 2219-T87 

Previous experiments i n  our  l a b o r a t o r i e s  have shown 

steam s e a l i n g  t o  be approximately comparable t o  a good 

d i s t i l l e d  o r  deionized water seal when t e s t e d  by acce le ra t ed  
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cor ros ion  tests (CASS). Since b o i l i n g  water s e a l i n g  is  

not appl icable  i n  t h i s  problem, it was f e l t  t h a t  steam 
s e a l i n g  should be inves t iga ted  as an  a l t e r n a t i v e  approach 

t o  the problem. The following experiment was performed 

t o  determine the steam pressure  needed t o  produce a good 

seal over  a 3 minute exposure. A series of 18 panels  of 

2219-T87, 0.05", was anodized a t  15 amps/ft2 i n  26 w t . %  
s u l f u r i c  a c i d  f o r  20 minutes. 

f o r  3 minutes a t  varying pressures  s t a r t i n g  a t  atmospheric; 

5, 10, 15, and 20 p s i  above atmospheric. A group of  samples 

which had been sealed i n  b o i l i n g  water accompanied these  as 

con t ro l s .  The samples were then exposed f o r  240 hours i n  

5% salt  spray and evaluated by t h e  ASTM r a t i n g  technique. 

The results are shown in  Table IX and Photo. D. These 

results i n d i c a t e  t h a t  i n  o rde r  t o  provide adequate steam 

s e a l i n g  on anodized panels of 2219, i t  w i l l  be necessary t o  

expose them f o r  3 minutes a t  p re s su res  of  10 p s i  o r  g r e a t e r  

t o  pass  t h i s  cor ros ion  test .  

They were then steam sealed 

3 . Chemical Conversion Sealing 

The main objec t ive  i n  t h i s  work i s  t o  provide cor ros ion  

p ro tec t ion .  The approach of  s e a l i n g  wi th  steam o r  b o i l i n g  

water is not  considered f e a s i b l e  i n  t h i s  p a r t i c u l a r  a p p l i -  

ca t ion .  A method o f  p o s t  anodic t reatment  which appears 

t o  m e e t  t h e  needs is a chemical conversion t reatment  following 

anodizing. This treatment would s u b s t i t u t e  f o r  the imprac- 

t i c a l  ho t  water o r  steam treatments .  It i s  appl ied  a t  room 

temperature and treatment time i s  about two minutes. 

An experiment was performed t o  t e s t  the  e f f e c t i v e n e s s  

of chemical conversion pos t  anodic t reatments .  

Three types o f  Alodine were used t o  t reat  0.35-0.40 

m i l  anodic  coa t ings  on 2219-T87, 0.050". These were Alodine 
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1200, Alodine 1200S, and Alodine 600. The concent ra t ion  

used w a s  15 g rams / l i t e r  a t  74OF f o r  two minutes. 

samples were then r insed  i n  a 0.05% by weight s o l u t i o n  of 

phosphoric a c i d  and dr ied .  

ment f o r  comparison were samples of  2219 anodized and 

water sealed,  anodized and l e f t  unsealed, ba re  metal and 

panels  given the  Alodine t reatment  without anodizing. 

Following prepara t ion ,  t he  samples were exposed f o r  240 

hours i n  5% n e u t r a l  salt  spray  and r a t e d  by the ASTM r a t i n g  

system. The r e s u l t s  are shown i n  Table X and Photo. E.  

The 

Also included i n  t h e  exper i -  

The r e s u l t s  i nd ica t e  t h a t  t h e  chemical conversion 

coa t ings  provide an  adequate s u b s t i t u t e  f o r  a s e a l i n g  

t reatment  on the anodized aluminum a t  t h i s  p a r t i c u l a r  

thickness .  
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Sample 
No. 

L285 

L286 

L287 

L288 

L289 

L290 

L291 

L292 

L293 

L294 

L295 

L296 

L297 

L298 

L299 

L300 

L301 

TABLE I1 

CHANGE IN WEIGHT AS A RESULT OF ANODIZING 
IN 26% H2SO4; FLOW RATE - 300 FPM 

Alloy 

2014 

2014 

2014 

20 14 

2219 

2219 

2219 

2219 

2219 

2219 

2219 

2219 

20 14 

2014 

2014 

2014 

2219 

Anodizing 
Current 
Density 

15 

50 

100 

200 

15 

50 

150 

200 

15 

50 

100 

200 

15 

50 

100 

200 

15 

Volts 

12-14 

19-20 

22-25 

27-28 

14-15 

11-22 

25-27 

27-30 

12-15 

21-23 

25-26 

27-28 

11-13 

19-20 

22-23 

25-26 

14-15 

Anodizing 
Time 
(min. ) 

48 

14 

7 

3 

48 

48 

7 

3 

14 

4 

2 

1 

14 

4 

2 

1 

48 

Thick- 
ness 
(mils) 

.65 

.88 

1.04 

.90 

. 2 1  

.84 

1.00 

1.13 

.24 

.29 

.32 

.68 

0 22 

.23 

.27 

.32 

.67 

W t .  Change 
During 

Anodizing 
(grams) 

- 7916 

.0629 

.3174 

.2268 

-. 7822 

- .7167 

.2083 

.3482 

- .0044 

.1059 

.1607 

.2863 

- .0210 

1267 

.1770 

.2106 

-. 7831 
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Table VI1 

Ahrasior: Resistance as Affected by Flow Rate and Coating Thickness 

Taber Ab:-asion Tes t e r  used w i t h  CS-17 wheels and 1000 gram l c a d ,  
Al loy  2219-187, 0.050 gauge, anodized i n  28% H2S04  a t  100 ASF and 3 ;  , 

Weight Loss Weight Loss  

Thickness, Rate, 1000 Rev., IOU0 Rev., 
Coating Flow A f t e r  F i r s t  Af te r  Sec7nd 

m i l s  FPM - In g -_,rnL- L# 

2 1 3  0.3 7 5  2.3 
2 14 
215 0.3 7 5  4.2 

- 

0.3 7 5  4.2 3 - 6  

216 0 e 5 153 4 , 4  

218 0.5 153 3.9 
0.5  153 4.0 2 . c  217 

219 0.3 153 3.3 

2 2 1  0.3 153 3.4 
0.3 153 4.1 3.5 220 

2 2 2  0.3 3 34 4.2 
223 0.3 334 3.6 3.9 
224 0.3 334 4.2 

225 0.3 400 4 , 1  
0 * 3  398 4 - 1  3 . 2  226 

227 0.3 398 4.2 

228 0.5 70 6.6 
229 
230 0.5 75  4.6 

0.5 75 4.4 4 . 7  

231 0.5 304 3.1 
232 
233 0.5 304 3.2 

0.5 3 1 0  3,6  3.6 

2 34 0.5 398 2.4 
235 0.5 405 2 . 9  
236 0.5 405 3 - 5  

237 1 - 0  405 4.8 
238 1.0 405 6.4 
239 1.0 4 14 5 , 5  

3.7  

3.8 



240 
241 
242 

24 3 
2 4 A  
24 S 

Table V I 1  (Continued) 

Weight Loss  Weight Loss 
Coating Flow Afte r  F i r s t  A f t e r  Second 

'Thickness, Rate, 1000 Rev., 1000 Rev. 
mils FPM mg mg - 
1.0 320 5.4 
1.0 310 5.7 4.7 
1.0 310 4.5 

1.0 150 7.6 
1.0 150 9 . 2  
1.0 150 11.1 

1.0 75 
1.0 75 
1. . 0 66 

2 5 , 4  
2 6 - 2  
25.6 

3 . 1  

5 . 2  
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Table VI11 

Abrasion Resistance and Coating Thickness 

Taber Abrasion Tester used with CS-17 wheels and 1000 gram load. 
Alloy 2219 anodized to various thicknesses 

at 15 ASF, 19"C, 17% wt. H2SO4. 

249 

250 

251 

252 

253 

254 

Weight Loss 
Coating After 1000 
Thickness, Revolutions. 

m i l s  m g  

0.1.9 3.0 

0.20 3.4 

0.40 3.6 

0.40 4.6 

0.80 4 . 8  

0.82 6 . 1  



Table I X  

This t a b l e  shows t he  e f f e c t  of s ea l ing  anodized 2219-T87 i n  steam 
a t  varying pressures  on the  corrosion r e s i s t a n c e  i n  sa l t  spray. 
Exposure time a t  steam pressure was 3 minutes. The samples were 
anodized i n  26 w t . %  H2SO4 t o  the coat ing thicknesses  shown. 

Average* 
Coating 

Th ic  kne s s 
No. Steam Pressure ( m i l s )  

Sample 

L259 0 p s i  (Atmospheric) 0.38 

L260 5 p s i  0.39 

L261 10 p s i  0.38 

L262 15 p s i  0.37 

L263 20 psi 0.35 

L264 Control-sealed 20 min. 0.24 
i n  bo i l ing  water 

Average* 
ASTM 

R a t  in& 

4 

7 

8.7 

9 

9 

9 

* Average of th ree  panels .  



Table X 

THE RESULTS OF EXPOSURE OF 2219-T87 TO 240 HOURS 5% NEUTRAL 
SALT SPRAY AFTER VARIOUS SURFACE TREATMENTS 

(Photographs on Opposite Page) 

Average** 
Coating Average* 

Sample Thickness ASTM 
No. Surface Treatment ( m i l s )  Rating 

2 L277-1 Normal P re t r ea t*  + Alodine 600 Conversion 
Coating 

L277-2 P r e t r e a t  + Anodize + Alodine 600 0.39  8 . 9  

2 L278-1 Normal P r e t r e a t  + Alodine 1200 Conversion 
Coating 

L278-2 P r e t r e a t  + Anodize + Alodine 1200 0.40 9 

2 L279-1 Normal P r e t r e a t  + Alodine 1200s Conversion 
Coating 

L279-2 Pretreat + Anodize + Alodine 1200s 0.41 9 

L282 Control Samples; Boiling Water Sea l  0 . 4 3  9 

L281 Pretreat + Anodize; Unsealed 0 .43  5 

L280 P r e t r e a t  Only 0.0 0 

* Normal Pretreatment:  
1. Nonetch a l k a l i n e  degrease 
2. Acid pre-etch d i p  
3 .  Caust ic  e t c h  (30R) f o r  5 minutes 
4 .  Desmut 

** Average of t h ree  panels .  
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Figure 2 

2219 - 720 amp min/ft2 : 
0 2219 - 210 amp min/ft2 

-1.0 

Current Density 
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FIGUREY /I 

PRETREATMENT VERSUS NONPRETREATMENT PRIOR TO ANODIZING 

Normal Pretreatment No Pretreatment 

The sample on t h e  l e f t  w a s  given a normal pretreatment  whereas the - 
sample on the  r i g h t  w a s  only degreased p r i o r  t o  anodizing. Af t e r  
be ing  exposed t o  240 hours of s a l t  spray, t he  unpre t rea ted  sample 
had a r a t i n g  of about 4 while the  normally p r e t r e a t e d  sample had a 
r a t i n g  of 8. (A r a t i n g  of 9 i s  p e r f e c t . )  



Figure c 

C1 This 
sample shows 

thermo - 
c hemica 1" 
a t t a c k  on the  
anodic coa t -  
ing. P a r t  of 
t h e  a f f e c t e d  
area has been 
abraded wi th  
a d ry  paper 
towel. 

C 3  An "ar- 
r e s t e d  burn" 
i s  shown i n  
t h e  upper 
r i g h t  hand 
c o rne 1:. 

c2 9 This 
panel  il- 
lustrates  
"burning" 
i n  the  l e f t  
co rne r  and 
v a r i a t i o n  
i n  coa t ing  
th ickness  
f rom a 
I 1  moving 
anodizing 
f r o n t  . I' 

C4 This 
sample has 
a l i g h t  edge 
and heav ie r  
c e n t e r  coa t -  
ing .  The 
photo does 
not show 
t h i s  we l l .  

Shown above a re  four  samples of 2219-T86 a l l o y  
(0.05011, 4" x 6") which i l l u s t r a t e  d e f e c t s  

encountered i n  high cu r ren t  dens i ty  anodizing. 



FIGVREY 0 
* 

VARIOUSLY TREATED 2219-T87 AFTER 240 HOURS EXPOSURE TO SALT SPRAY 

. . .  . 



P 

FIGURE E 

STEAM SEALING 

The samples shown below are 4" x 6",  anodized t o  approximately 
0.4 m i l  ,and, s ea l ed  i n  steam a t  var ious pressures  f o r  3 minutes, 
then exposed t o  s a l t  spray f o r  240 hours. 

Rating 4 
0 p s i  

c 

Rating 7 
5 p s i  

0 

Rating 9 
15 p s i  

Rating 9 
20 p s i  

Rating 8 .7  
10 p s i  

Rating 7 1 
Boil ing Water Sea l  
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